Rhizosphere response was studied as a factor in competition among indigenous Rhizobium japonicum serogroups for the nodulation of soybeans under field conditions. R. japonicum serogroups 110, 123, and 138 were found to coexist in a Waukegan field soil where they were determined to be the major nodulating rhizobia in soybean nodules. Competitive relationships among the three serogroups in that soil and in rhizospheres were examined during two growing seasons with several host cultivars with and without inoculation and with a nonlegume. Enumeration of each of the three competitors was carried out on inner rhizosphere and nonrhizosphere soil by immunofluorescence with serogroup-specific fluorescent antibodies. Rhizobia present in early-and late-season nodules were identified by fluorescent antibody analysis. Populations of each serogroup increased gradually in host rhizospheres, not exceeding 106/g of rhizosphere soil during the first few weeks after planting, whereas numbers in fallow soil remained at initial levels (104 to 105/g). The rhizosphere effects were minor in host plants during this period of nodule initiation and were about the same for all three serogroups. Although serogroup 123 gave no evidence of dominance in early host rhizospheres, it clearly dominated in nodule composition, occupying 60 to 100% of the nodules. High densities of all three serogroups were observed in host rhizospheres during flowering. Rhizosphere populations, especially of serogroup 123, were still high during pod fill and seed maturation. The rhizosphere responses of the R. japonicum serogroups were much greater with the soybean cultivars than with oats, but even in host rhizospheres the R. japonicum populations were greatly outnumbered by other bacteria. The success of serogroup 123 in achieving nodulation does not appear to be due to superior colonization of the host rhizosphere.
Inoculation of soybeans with selected strains of Rhizobium japonicum has been notably unsuccessful in influencing nodulation or enhancing nitrogen fixation in regions where soybeans have been cultivated previously. The inoculant fails to nodulate the soybean to any significant extent, whereas virtually all of the nodules are occupied by strains by R. japonicum indigenous to the soil (6, 11, 20, 22) . Throughout much of the major soybean production area of the United States, indigenous soil strains of R. japonicum serogroup 123 dominate nodulation of soybeans regardless ofthe inoculation practice or of the cultivar grown (5, 7, 9, 14) . Other serogroups of R. japonicum also occur as indigenous soil bacteria, presumably introduced during previous soybean culture, but these indigenous strains are no more successful than the strains added as the inoculant.
The success of a particular indigenous strain may be contingent on competitive interactions with other strains in the host rhizosphere before nodulation (4) . The advent of immunofluorescence techniques has made it possible to examine this possibility and to study the autecology of individual serogroups of R. japonicum directly in soil and in natural rhizospheres (3, 4, (14) (15) (16) . In this report we present the results of a study in which use was made of serogroupspecific fluorescent antibodies (FAs) to follow the population dynamics of R. japonicum serogroup 123 and two competing serogroups of R. japonicum within the same rhizospheres of field-grown plants during the course (16) . Antigen preparation, injection, and bleeding were as previously described (18) , and globulin separation, conjugation with fluorescein isothiocyanate, and titration of the FA followed the procedures of Belser and Schmidt (1) . Each of the FAs was serogroup specific and without heterologous cross-reactivity.
The procedure of Kingsley and Bohlool (10) (16) .
Direct microscopic counts of total bacteria were determined for soil samples extracted as for FA examination (described above) with acridine orange staining anid fluorescence microscopy (19) . Most-probable-number (MPN) estimates of total R. japonicum populations were carried out in plastic growth pouches (21) Table 2 . These data indicate the presence of each of the three serogroups assayed for, 110, 123, and 138, as well as unidentified strains outside these serogroups. Under the conditions of the growth pouch analysis, nodules from most soil inocula were occupied predominantly by serogroup 123. Serogroup 138 was the second most commonly occurring nodule occupant, even exceeding serogroup 123 in the early-spring soil sample. Serogroup 110 occurred in the soil throughout the year but accounted for only ca. 10% of the singly infected nodules. About one-fifth of the nodules examined contained strains which did not react with the FAs used for serotyping.
The population dynamics of serogroups 110, 123, and 138 were followed in the rhizospheres of field-grown plants and in fallow control soils by quantitative FA analysis over the course of two growing seasons. Results of the fallow soil counts are shown in Fig. 1 , and those of the rhizosphere counts are given in Tables 3 and 4 . Populations of all three serogroups remained relatively constant and basically simi- The combined populations of the three R. japonicum serogroups made up only a small percentage of the total bacteria present in the host rhizospheres (Table 5 ). R. japonicum generally increased to some extent in the early rhizosphere but, nonetheless, made up less than 1% of all of the rhizosphere bacteria during the period of active nodulation. The very high values of 5 to 20% observed at plant maturity (15 weeks) probably reflect the release of bacteroids into the rhizosphere from mature root systems.
Results of serotyping of nodules designated as early (5 weeks after planting) and late (12 or 15 weeks after planting) are summarized in Table 6 . The dominance of serogroup 123 in nodule occupancy is striking. This dominance was expressed both years, in both early and late nodules, and in all soybean cultivars and was not influenced materially by inoculation. The indigenous R. japonicum soil population obviously included serogroups other than the three examined, since more than a third of the nodules in some instances contained rhizobia that did not cross-react with the FAs used. DISCUSSION R. japonicum serogroup 123 clearly dominated the nodulation of field-grown soybeans (Table 6 ), as was anticipated from several earlier investigations (6, 14, 15) . This dominance was consistent for each year of the study and for all cultivars examined, including the 70-017 experimental cultivar chosen for its possible inoculant-selective properties (11) . This dominance was not changed materially either by inoculation with R. japonicum of another serogroup or by plant maturity. Nodule occupancy by serogroup 123 was expressed in the presence of an indigenous population of R. japonicum within the soil that included strains of serogroups 110 and 138 and at least one other (probably several) unidentified serogroup(s) in addition to 123. All three components of the indigenous population were present in the soil at about the same cell density (Fig. 1) , so that the ultimate success of serogroup 123 could not be attributed to a numerical predominance at the time of planting.
The hypothesis tested in this study, that the success of serogroup 123 is due to an ability to outgrow other indigenous R. japonicum serogroups in the host rhizosphere, was not borne out. Early development of the seedlings was usually accompanied by enhanced growth of R. japonicum in the rhizospheres as compared with that in the fallow soil. The rhizosphere effects were slight, however, and no greater for serogroup 123 than for its competitors (Tables 3 and 4 ). Since soybean nodules are already evident macroscopically within 2 to 3 weeks of seeding, the early rhizosphere samples should reflect the circumstances under which the nodulation was initiated, given the slow generation times of R. japonicum. The earliest rhizosphere samplings were at 1 and 2 weeks after planting, with seedlings only newly emerged and with the first trifoliate leaves still forming. Although unlikely, the possibilities cannot be excluded that serogroup 123 populations either were higher than those of competitors at a very early stage or had responded to the rhizosphere more rapidly than had the competitors and that these effects were no longer evident in the 1-week rhizosphere. These possibilities are now under investigation. The pattern of host rhizosphere colonization by the three populations of competing R. japonicum was similar for each of the two growing seasons. Rhizosphere effects were slight for newly emerged soybeans, increased gradually with increasing root development before flowering, increased markedly during flowering, and then declined at plant maturity. The pattern before flowering was similar for all three populations, but R/S ratios were much higher for serogroup 123 than for competitors during and after flowering. Quantitative differences seen in the rhizosphere enumerations from year to year can be accounted for in terms of differences in plot location, growing season, sampling times, and soil moisture content as affecting the adherence of rhizosphere soil to the roots.
Early RIS ratios were very low both years, but they were higher in 1980 than in 1981. At 1 week after planting, the 1980 R/S values varied from 4 to 32 for the individual serogroups, and they varied from 14 to 50 after 20 weeks; R/S values for 1981 were substantially lower. It is noteworthy that during this period of nodule initiation, the dominant nodule occupant, serogroup 123, was less abundant in the rhizosphere than were serogroups 110 and 138. Moreover, the three groups combined made up only a small minority of the rhizosphere bacteria (Table 5 ). These data are consistent with the modest R/S ratios of rhizobia in early rhizospheres of host plants observed previously for soybeans (14) and for Phaseolus vulgaris (16) , and they further indicate that extensive multiplication of the microsymbiont in the host rhizosphere is not a prelude to the initiation of nodulation as has been postulated previously (13) .
The factors responsible for the high populations of indigenous R. japonicum in the rhizospheres of host plants during flowering and pod fill are not clear. It is possible that all three serogroups, and especially 123, were responsive to the rhizosphere conditions imposed at this highly active stage of plant development. Such pronounced host rhizosphere effects may be a mechanism whereby diverse R. japonicum strains maintain a population base in the soil despite their inability to compete successfully in nodulation. Similarly, the ability to colonize nonhost rhizospheres, as in oats (Table 3) , may also serve to maintain indigenous R. japonicum (though possibly at lower population densities) in the absence of host crops. The concept of a host rhizosphere intensively colonized during the flowering stage by diverse strains of microsymbionts along with other rhizosphere bacteria is supported by several aspects of this study. Rhizosphere responses were qualitatively consistent for the 2 years and were not restricted to the principal nodule occupant, all rhizosphere samples were carefully prepared to avoid nodules and root fragments, and all nodules appeared to be healthy and intact during flowering and pod fill. Despite this, however, the elevated host rhizosphere response might still be an artifact, since a single undetected or disrupted nodule in the rhizosphere sample could account for the high populations observed. The impact of nodule degradation is illustrated in the 15-week samples (Table 3) taken from mature and drying plants. Here the less successful competitors were strikingly less abundant than serogroup 123, which occupied nearly all of the nodules subject to disruption and bacteroid release.
Studies of competition based on growth pouch data must be interpreted with caution. The dominance of serogroup 123 with respect to nodule occupancy observed so clearly in the analyses of field-grown nodules (Table 6 ) was much less clear-cut in pouch-grown nodules (Table 2) . Serogroup 123 was less competitive by pouch analyses, whereas others, serogroup 138 for example, appeared much more competitive in pouches than in soil. Reasons for the discrepancies are not known, but clearly competition in the growth pouch under our conditions did not mimic the natural environment.
